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1
HEAD RELATED TRANSFER FUNCTION
PSEUDO-STEREOPHONY

ORIGIN OF THE INVENTION
o invention deseribed eren was made i heper-

formance of work wnder 8 NASA conac nd s s
mwmmuwmnusvsc 200 et seq.). The
comracior ereander 1 the
Government.

BACKGROUND OF THE INVENTION
1. Technical Field of the Invention

ol
“The Psychophysics of Human
. MIT Pres, c.mbnd;e 1983,
'HRTFs have been ment some US. patents.
Forcumple US Pt o 4388494 eusd 10 Schone
pseudo-stercophonic reproduction cir.
ol wlicng unn v Smirly us Pat. No.
4359405, sued 10 ribes pseudo-
gt el uasinssilicing ERTFL
US P No. 421996 ed o Koonre . i
closes siereo

by Jens Blauret
Sound Localasion”

signal generation having localized sour

o5 dependent on HRTES, US. P P No. 19256
Giclows HRTF-relaed stereophonic sigadl encraion
rh ganged bl senssor o vabubie fre

of

reophony and, mre specifically, 1 & hesd rlied
transfer function_pseudo-siereophony in which two
a.mmm.m i channls et derved from a single

o Dscnpncn o

ercophon i decripion of o
amily of rehmques ot dlow th dertnion o o

Ammmmumfmmmm
shoni signl_generaion of prodacing two
sound derived from a monaural sou

SUMMARY OF THE INVENTION

0 An tietof the presnt invention i 0 deive two
differen

udiochannels from a single channel
e on e n.a Telated anste Tuncion

channel source. Signal processing _techniques rer
achieving pseudo-stercophony have exsted for t lexs

thirty-six years, a time period roughly paralieling xhe
mmercial introduction of home stereo systems
i, these techiques all involve a prooes where

geners
the two channels of output are derived
decorrelation

cessed to each

& method and apparats for producin

“Nnother objectofthe preent invenion s o provide
a method and spparatus for producing pseudo-sereo-

Phony in which e kiicaer & no reqeited 1 b pou
the center of two speakers.

One
5 diflrntal fteing,ues s Bgh s et m..p...
channel one nd 2 owpas fier for oupu
twor Other dierental fering technicues
two comb filters with comy uency re-
o e lpas e i v phase
“Anothet type of pieudo-sereophony can be referred

cupu chamnl ‘with the possiilty of adding recircu-

e mther type of paeadossercophony jnvolves

vide a method and or producing preado-

,,..“i e spesker

posed in an anechoic

ot coannei. Tis i mmescaed “pheh shiing”
“The aforementioned techniques suffer from one or
more drawbacks, including the overt “coloration” of

al signal, & second, tird,fourth and fih speaker dis-
posed in the anechoic room substantially symmetrically
about a listener having two ears, signal processing

the sounds timbre in each of the out- 50
put. Al er tion the listener is ou processed signals 10 each of the second,

ired to sit near the center of the speake . i, ourh o At aps speakers, each speaker producing
there is 2 general inability to mix the pseudo-stereo und output. 8 1o the received processed
output to monaural the timbral dis-

tortons. Also, withsere reverberaion echniques, he

s

ear of a listener for receiving the sound outputs of the

The sound becomes “muddy” (overly reverberant) as &
result of convolving an originally reverberant signal
with the reverberation of the signal processor (and

tiated i chanacls Preferaby the gl proceming
' gain unit the monaurs
gl 1 he s, third, fourt and i spcbern. and

eventualy that o the

pinnac of the human ears are shaped to provide
+ i Toncion ot recived e gl nd s
ha

. third, fourth and it speakers.
o the present invention, a method
ol somd rom & mow

ve and ph

 iven angle of incidence of  sourc 10 lnr, This

characteristic res i, vk sousd ot
ear sod conirutcssutantialy (o our sk

n spatiall s known 2 the “head reaed

st fntion- (HRTF). The HRTF was deerved

put
e el v e
Pasing fwo of the s otpet gl Fspecvey o e
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3
and right summation devices, passing each of the re-
maining four ouput signas though ndividual Gely
et ctablhfourdifleen elayed signals mul
,|ym. ch of th fou diflerent delyed signs by 8
of the fo

ur multiplied 3

s obtained from the output of the two microphones,

ch can be delivered (0. I chaane peaker 43 and

# right channel speaker 44 which produce pseudo-

stereophonic sound for a lstener 46.

are placed inside of the ears of the lis-
hase

- plieteifebie
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BRIEF DESCRIPTION OF THE DRAWINGS  $0% ey chricterts e e o
FIG. 113 chmaic viw o s cmodioent o _ 53 i hs oo S wHA TR
s 15 e o

no 3 4 chemaic dagram o th present iaven-
howing signal procesing corresponding 10 the
embodimentof FIG. &
.3 s  more deailed schemaic view of each of
the eight HRTF filter networks of FIG. 2;
FIG. 4 shows e requency rsponsefor e based

stereo

speakers (s long s each car s receivin # suiable
of signal from each speaker).

" Reering how 16 FIG. 2.2 g

arrange.
ment according 10 the present invention mimics 1
invention shown in FIG. 1.

tion, and at 90, 120, 240 and 270 degrees azimuth;

FIG. § shows the group ponse for filters
based on th free-ed HRTF fofpostions st 0 degrees
elevation, and at 90, 120, 240 and 270 degrees azi

FIG, 6 shows e frequency response for for flters based

ized signal is
‘numbered 1-6 in FIG.
2. Lines 1 and 6 pass their signal directly to left and

tion, and

le lnes 2,

20,240
FIG. 7 xhuw) me o oy T o e
ral HRTE for positions at Odelnu

w©

3,4nd S each
device 54, 56, 58 and 60. These are cither set 1o fired
values or are interactively set by the user as further

§ i schematic view showing smgle of mes
dence and sequence of elays sccoring 10 the pesent
invention.

DETAILED DESCRIPTION OF THE

‘more detai
.

2,3,4and 8 are all different, as will also be described in
I below.
‘output of each delay device 54, 56, 58 and 60 i

each

signal by the gain devices i identical and are nominally

Referring now 1o nc 12
paraus s generally refered o by he aumeral 10 =

3, 4and Sare
each increased by for example, six 4B above the ampli.

e penker 14 _ﬁauammuy- sound signal
generate

‘sudible.

y ers
Version of the signal emitted from
the

e adjusied by the wer.
nu.p.xamnp.nuemuu«wu-m
hrough s eparte HRTE fer
‘As shown in FI

HlTF et e nctwork tkés » single input and deches

onaara spaker 14, e,
e shown in FIG.
oo bl gy s 8,3 3426, 3 The FIR it 4 ot o e o mm summed 1 5010
ach serving one of the W2 Uma  FIG. ey 14 o iy

Two probe microphones 3 and 40 ncidence, s shown

the ears of 4 listener whose pinnae
shape and transfer function of an average listener. The
w0 channel signal for the pieudo-stereophonic output

ide 65 response
match the average

angle
FIEtand o chermmibaly A & a7 The
FIR filter 80 for the right output summed at 52 in FIG.
3 uses the frequency and group delay responses showr
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5
n FIGS, 4 12d 3. o allrmatvelyin FIGS, 6 and . of
symmetri incidence of the
T mesmremen et m fker 78, Specicaly
referring 10 FIG. 2. HRTF filter network
HRTF

for 270 degrees for FIR filter 78 and 90 degrees for FIR
filer

‘The left output channel of each of the four HRTF
filtering networks are summed by

e o s o . Tout MRTFs i

6
Dan  Dum  Dom  Dum
£ Py 5 )
P m o = )
5 I B 3 s
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5 5 s 5

6
then passed through separate digital 10 analog (D/A)
convrirs 82 and 80

paramet part of the circuit illustrated
i FIG 3 soch s e mm gains, and HRTF filters,
are designed in ‘meet specific psychoacoustic

sized for the particular delay; the sequence of
‘and the phase and freqy umymwnxmnxﬁluls e
1ages o ecdence e These

n measirements made at n-'enmum.
("ur Vel Thes angie re choscn because of
eiry (90-270 and 240-120), Iocaton to the sides (10

louder than the dirct sound through the we of the
6and

o il sre sps prsdces e best el

o the fou Eelyed sounds s boowed by s oB. T

determined empirically as the best value for achiev-
g ihe peeudosereopboris efect with s range o -
ferent sound material, such as speec

0
‘monaural source. The sequence is

e sound delays hernae twice from I
‘weight the sound

* the wnficred
ranged s0

hen it Thi b done s s v o
image towards one particular side.

that at a minimum setting,

th
following temporal dimensions were taker
for the stting of each value of delay: (1 the inital time

o 35
he prcudo-sreophony

with a filtr design program. based on

s

hase e e desrabe i s they
donot Ifall

successive delay; and (3) the tim
oF e i deay which s o of e i twe

o linear phase, a with the HRTF filier
network of the present invention, then there
chance of

banc. Thus, the nial ime delay gap, rhe than he 30 nonconsrcively

tmingof e il dely. wen-

‘The acceptabe time delay is also a function of off-the.

m: .m o deay. ot he e i hercna rage Shll tegrated Gt his such s . Motorola 56001
DSP chip. Al

o e i e dtny g

s P10 i 2 can b ccomplished with these of equivaient

5
The duration between each successive delay was
id

ermined s the minicum vile for th tiing of the

ghony, only four HRTF fler networks wer e,
wever  Irger mumber f deay-gun HRT fher
© mm, coud be added inan airaciv cabodimen
er or greater i vt repre
mmuxﬁ;mmxmunnmnw
be part of an alternative embodiment

fiom
early reflctions in oncert ks

e coniderions, ot st e elays
were deim um nd masium of delay
Produced y te delny e 4. 958

o provides wer :::4.“ for gan level and time delays
a5 mentioned above.
results of the present invention provide advar
ages over the pror ar. For example, he signal from
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each channel sounds
tered) than

lored: G, timbrly -
‘han with previous methods. Also, & pseudo-
e can be had from a wide range oflmenm.

digial

8
the right summation device with the unprocessed
‘delivered thereto;
8 D/A converter receiving the summed left and right

Gon of the fiters. Previous methods requie

s
more faed e reomspficn, Tt o, o chu-neh
of the be mized to

ated audio channels.
6. ‘according to claim 8, wherein the
iering meansincludesfour s networ, cch wsc-

(one
result from phase cancellation. Moreover, the sound
image s an dimension of spaciousnes.

usness. This
from the f the two out.

he prior delayed sigals, wherein
o FIR files having 32

" impuls frequency respome. maiching.
comraiinl bt rlid unsir I\mﬂmn{lﬂﬁer—

o gl The present imventon aio allows muliple
input wi aiferental a freuency responses (o be more
jshed from one another, compared to

of the two
m e et oo o s e o e outpt

ent invention

be apparent
i 1 e by ihe ollowing cams to

o podace s g ouput s

‘which fall
Within the e spiri and c0pe of the invenion-

»
"An spparaus for producing pesdosercophonic

sound rom s monaual Signal com
s monaural source having 2 it
an ane and having 1 sound ootput gen-

Eried oy the monaual sgna: »
a m v oue and S speaker disposed i
he”anechoie room substanialy symmetricaly

hout » it havig two
g processing means for receiving the monaural
“ignal from the source nd outputing
rd, fourth and fifth

1o produce six digial signais;

‘passing  firs of the six signal 10  left summation

device;

passing a second of the six signals o 8 right summa-

on deviee s

passing each of the remaining four signals through

vl delay devics o eablsh four it

Mwmunl'h:[ourdm«cnlﬂghylwllby.m

‘mon value;

filtering each of the four applied signals through FIR
frequency response

speakers, each speker pvmdu:uu s sound ouput
corresponding 10 signal;

pair of micropt posed in each ear of the
Nstenerfo receiving th sound outputs of th s,
Lecond, third, fourth and At speskers and prod:

ing two differentated audio channcls.

2An spparsas according 10 claim 1 wheren, the
‘Which in-

3. An apparts wconting 10
, fourth and fifth

o cim 2, wherin he

‘monaural signal delivered to

phase response 10 produce left and right output
Ehannct ignais:

sumaing he e cuput channl gzl vih e s
nprocesed digial sgaal n the . summaion

devi
summing the gt cuput sl wih the seond
unprocesed di i the right summation

38

s

mva!m;lhuummd s cght outpt channel
A convere 1o produc snsog
»a n.m mw- channel sig
ing o clam 7, wherein the o
ailtren deyed m.h are multplied by a
amount ofshout §d
9. A med 1o clam 8, wherein the FIR
fers um'upend o four differntangles of incd
240" and 270,

gai including 90" " wherein the
B e founi and i peakers by ey fo the 50° s i 13 s, the deay for te 270
about e Tor 20 ms. e delay for the 20 e 25 s
5 An spparas o producing presdosrcopheic 3 g for the 240" fil
sound from o iin .
A AJD converer for receiving the monsural signal fiters comspond 1 fout ilrent sagies
‘output signal; inchuding 50" 120 0 whirn
means for distributing the digitized output signal the 50" filer s 15 ms, the delay for the 270"

one of the four
four differ-

yed signals;
nnluyllzr mean for mulipying the four diflerent
delayed signals by 8

filering means for ierng cach of he four muli

delay for
e i for 25 ms. e delay for the 120 ler i 35 ms
delay for the 240° fltr i 45 ms.

o ing 1 a8, whereinthe FIR

e Sutpo channlsgnas bein delvered t the
Tt sammaondece nd g mmed with the
digital signal delivered thereto, and

e e outpu channel signls being summed in

of
including 90', 120°, zur nd 0, and
iy for er s 25 ms, the delay for m o
e i or 3 mo. te deay forthe 120 ler
e oty o e 240 Tier is 35 ms.
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